Objective: Milk consumption is considered a risk factor for vascular disease on the basis of relevant biological mechanisms and data from ecological studies. The aim was to identify published prospective studies of milk drinking and vascular disease, and conduct an overview. Design: The literature was searched for cohort studies, in which an estimate of the consumption of milk, or the intake of calcium from dairy sources, has been related to incident vascular disease. Main outcome measures: Ischaemic heart disease and ischaemic stroke. Results: In total, 10 studies were identified. Their results show a high degree of consistency in the reported risk for heart disease and stroke, all but one study suggesting a relative risk of less than one in subjects with the highest intakes of milk. A pooled estimate of relative odds in these subjects, relative to the risk in subjects with the lowest consumption, is 0.87 (95% CI 0.74-1.03) for ischaemic heart disease and 0.83 (0.77-0.90) for ischaemic stroke. The odds ratio for any vascular event is 0.84 (0.78-0.90). Conclusions: Cohort studies provide no convincing evidence that milk is harmful. While there still could be residual confounding from unidentified factors, the studies, taken together, suggest that milk drinking may be associated with a small but worthwhile reduction in heart disease and stroke risk. Sponsorship:
Introduction
Milk has long been considered an important factor in coronary heart disease because of the contribution it makes to the dietary intake of saturated fats. Expert groups have, therefore, advised that milk consumption should be limited, and that fat-reduced milk should be preferred (Nutritional Aspects of Cardiovascular Disease, 1994; Naidoo & Willis, 1994) .
There is a large number of ecological studies in which the total supply of various food items in different countries is related to the mortality from vascular or other diseases in the same countries. Commencing with Knox (1973) many authors have demonstrated a relatively strong association between the per capita supply of milk or some constituent of milk and heart disease mortality (Segall, 1977; Seely, 1981; Grant, 1998) . In some studies, changes in gross milk production over a period of years and changes in mortality have been shown to correlate (Moss & Freed, 2003; Segall, 1994) .
Although a few of these studies take some account of possible confounding and, for example, adjust for differences in overall average smoking rates, or average per capita alcohol consumption in the different countries, only very limited attention can be given to confounding. In addition, there are very marked trends in vascular disease incidence across Europe (East to West and North to South) the origins of which are largely speculative, yet the effects of these will also confound the relationships derived from ecological data. Furthermore, it has been pointed out that countrywide food data take no account of food wastage (Grant, 1998) .
Other studies, both observational and experimental, have reported on relationships between milk consumption and risk factors for vascular disease. Milk intake is probably positively related to blood lipid levels (Steinmetz et al, 1994; Nagaya et al, 1996) , but the effect shown in many studies is either trivial or absent (Shaper et al, 1991; Jacobsen & Stensvold, 1992; D'Avanso et al, 1995; Abbott et al, 1996; Onning et al, 1998; Barr et al, 2000; Ness et al; Elwood et al, 2003) . In fact, in some studies a milk supplement led to a decrease in blood lipids (Buonapane et al, 1992; St Onge et al, 2000; Samuelson et al, 2001) , leading again to the suggestion that milk may contain substances that counterbalance any expected positive effect on lipid levels (Pfeuffer & Schrezenmeir, 2000) . Then an inverse relationship between calcium intake and blood pressure has been consistently reported (Kromhout et al, 1985; Jorde & Bonna, 2001) . Another vascular risk factor, homocysteine, is raised by animal proteins, including milk (Oshaug et al, 1998) and it has been suggested that milk may be of relatively greater importance in this effect than meat because it has a low content of the B group vitamins necessary for its metabolism (Grant, 1998) . No relationship with homocysteine was, however, detected with milk intake in the cohort study of Elwood et al (2004) . Owing to the inconsistencies in the magnitude and the direction of these various associations, it would clearly be unwise to attempt to predict the likely overall relevance of milk consumption on vascular disease risk.
For these reasons, we believe that prospective cohort studies, based on data for individual subjects within a single community, with detailed attention given to confounding, give a much better basis for the examination of independent associations between food items and disease incidence than studies based on either ecological data or relationships with risk factors. We, therefore, report here the results of a systematic search and overview of 10 prospective cohort studies in which incident vascular disease events were related to estimates of milk intake at baseline. We also include data from two retrospective case-control studies.
Methods
The literature was searched with MEDLINE, using the keywords: milk, dairy and dietary calcium, and a range of words appropriate to vascular disease. References to the papers thus identified were examined for further relevant reports. Enquiries were also made with the authors of several reports about possible publications. The original aim was to identify population-based prospective cohort studies, in which milk consumption, or a surrogate for milk consumption, is related to vascular disease incidence and 10 such studies were identified. Two case-control studies were also identified (Gramenzi et al, 1990; Tavani et al, 2002) . A systematic search for case-control studies was not undertaken and limited use is made of these two in what follows.
The definition of milk intake presented some difficulties. In all the reports, subjects had been divided into three or four subgroups and in most, the basis of the division was an estimate of total milk consumption. Two studies grouped subjects by their intakes of 'milk products' (Bostic et al, 1999; Iso et al, 1999) , while another used calcium from dairy sources (Abbott et al, 1996) . Yet another defined the group with the highest milk intake as taking milk on cereals and drinking milk (Shaper et al, 1991) . A further study (Vijver et al, 1992) in which the analyses presented are based on estimates of total dietary calcium has been included on the grounds that milk and milk products are not only responsible for a relatively high proportion of the total calcium in the diets of most people, but also because milk and milk products are the most variable source of calcium from person to person. All these have been accepted as reasonable definitions of subjects whose milk consumption is high.
Similar difficulties arose with subjects who had been judged to have the lowest consumption of milk. Most reports refer to subjects drinking less than a defined amount of milk per day, but other authors had grouped subjects under the term 'none'. The group within each study with the lowest milk intake, however this had been defined, was accepted as identifying subjects with intakes of milk that differ greatly from those in the groups with the highest intakes.
There are differences between the studies in the factors for which adjustments are made for possible confounding. These are listed against each study in Table 1 . An important confounding factor is total energy intake and the three studies in which it is stated that correction had been made for this are considered separately in the final pooling process.
For most of the studies, the estimates of relative risk of either, or both, ischaemic heart disease and ischaemic stroke are those that are given in the published paper, and no attempt is made to distinguish between 'relative risk', 'hazard ratio', etc. Most reports include 95% confidence intervals of the risk ratio, and for some of the others these have been estimated from data presented in the original report. In order to achieve consistency between these, we have inverted the subgroups upon which the relative risk, as given by some of the authors, had been based. That is, in this overview, the risk of a vascular disease event in the group with the lowest milk intakes is set in all the studies at 1.0 and the risk in the subjects with the highest intakes is shown relative to this.
Pooled estimates of the log-odds for all the cohort studies were obtained by weighting the individual values by the reciprocal of their sampling variances. A w 2 test was performed to confirm that there was no significant heterogeneity and the variance of the pooled estimates was obtained from the reciprocal of the sum of the weights. Data from the two case-control studies were not included in the pooled estimates.
Results
A short summary of each study follows and further details are given in Tables 1-3 . Throughout what follows, the studies are listed in order according to the date in which they were set up and observations commenced. Data from a prospective study of 35 000 postmenopausal women set up in 1986 were reported by Bostic et al (1999) . Total calcium, and that from milk products was estimated. The risk for heart disease in the quarter of women with the highest total calcium intake was 0.67 (0.47-0.94) relative to the risk in the quarter of women with the lowest intakes. Subdividing the women by their consumption of milk and milk products gave a relative risk of 0.94 (0.66-1.35) in the quarter with the highest milk intakes.
In the British Regional Heart Study (Shaper et al, 1991) , 7000 middle-aged men were asked about milk intake in an examination around 1981 and those who both drank milk and took it on cereals were assumed to have the highest intakes. After 9 y, incident heart disease events were related to milk intake. The authors comment that while men who had the highest milk intake at baseline had a lower rate of heart attack than men who drank no milk, there were many differences between these groups in factors of likely relevance to heart disease risk. On adjusting for these factors, the relative risk of heart disease in the men who both drank milk and took it on cereals, compared to those who took no milk, was 0.88 (0.55-1.40).
Mann et al (1997) enlisted almost 11 000 male and female members of a vegetarian society, together with their friends and relatives. After 13 y, later these were followed up and 383 deaths identified. The ratio of deaths from all causes in subjects who drank more than half a pint of milk per day, compared with those who drank less than half a pint, was 0.87 (0.68-1.13). Surprisingly, only 63 (16%) of the deaths had been certified as due to ischaemic heart disease and the ratio in these was 1.50 (0.81-2.78) for the subjects in the highest milk consumption group, relative to the lowconsumption group.
In the Caerphilly Prospective Study (Elwood et al, 2003) , set up in 1979-83, 2500 men completed a food frequency questionnaire. During the following 21 y, the relative risk in men who drank more than a pint per day, compared with the risk in men who drank no milk, was 0.66 (0.24-1.81) for ischaemic heart disease and 0.84 (0.40-1.26) for ischaemic stroke.
The US Nurses Health Study (Iso et al, 1999) commenced in 1976. Calcium intakes from dairy sources were estimated for 85 764 women, none of whom had evidence of coronary heart disease. An inverse association was found with the risk of ischaemic stroke during the following 14 y, and this was strengthened when embolic infarctions were omitted. In the fifth of women with the highest dairy calcium intakes, compared with the fifth with the lowest intakes, the adjusted relative risk for ischaemic stroke was 0.70 (0.51-0.97). The authors comment that the inverse association observed with dairy calcium was not restricted to milk, but was also observed for yoghurt, for hard cheese and for ice cream.
In a study set up in Scotland in 1970-73 (Ness et al, 2001 ), almost 6000 men were followed for 25 y. Men who drank more than one and a third pints of milk per day had an adjusted risk of death from coronary heart disease, relative to the men who drank less than a third of a pint per day of 0.90 (0.83-0.97) and their risk of death from stroke was 0.84 (0.31-2.30).
In 1981, over 223 000 middle-aged Japanese men and women were questioned and then followed for 25 y in order to examine associations between dietary intakes and stroke mortality (Kinjo et al, 1999) . There were 3084 deaths due to cerebral embolism and thrombosis. Risk ratios, adjusted for confounding, were inversely associated with milk Listed in order by the year they were set up.
consumption. The relative risk in subjects who drank milk more than four times a week compared with those who drank milk less than once a week was 0.85 (0.77-0.92). The milk intake of 3000 Hawaiian men was recorded in 1965 (Abbott et al, 1996) . During the following 22 y, the incidence of stroke in the men who consumed the highest amounts of milk (3.7%) was less than the incidence in men with the lowest milk intakes (7.9%). The authors comment, however, that the decline in stroke risk with increased consumption was modest with intakes of less than 16 oz (0.46l) milk/day. They also noted that during the early years the milk consumed was 'largely' whole milk, but later, 5% of the milk consumed was skimmed.
In 1960 (Snowdon et al, 1984) , the consumption of certain food items in 25 000 subjects was recorded in California, about half of whom were lacto-vegetarians. Milk drinking was quantified simply as two glasses or more per day. In subjects with this intake, the relative risk of coronary death during the following 20 years, compared with those who drank no milk, was 0.94 in men and 1.11 in women. It is not possible to estimate confidence limits for these ratios.
In 1953-54 (Vijver et al, 1992), the dietary calcium intake of 2605 Dutch civil servants was recorded and cardiovascular disease events were identified during the following 28 y. Total dietary calcium intake was derived from the consumption of a wide range of foods, including milk, cheese, eggs and yoghurt. Data for milk consumption alone are not given. Adjusted odds ratios for cardiovascular disease in the fifth of subjects with the highest calcium intakes, compared with the lowest, were 0.77 (0.53-1.11) and 0.91 (0.55-1.50) for male and female members, respectively.
In a retrospective case-control study (Gramenzi et al, 1990) , 287 women with acute myocardial infarction and 649 control women with other acute disorders who were admitted to hospital during 1983-89 were questioned about the frequency and amount of various foods consumed prior to the onset of symptoms of infarction. The odds ratio for the risk of myocardial infarction in the third of women with the highest consumption of milk, compared with the third with the lowest consumption, was 0.9.
In another case-control study (Tavani et al, 2002) , 507 patients admitted to hospital with an acute myocardial infarction, and 478 patients admitted with other acute conditions were questioned about their prior consumption of milk. The odds ratios for infarction in patients who had been drinking seven or more cups of milk per week, compared to patients who had drunk no milk, were 0.78 (0.54-1.12) after adjustment for numerous possible confounding factors.
Using the methods described above, a pooled estimate of the relative odds for ischaemic heart disease in the subjects with the highest milk intakes, compared to those with the lowest intakes, in 10 prospective studies is 0.87 (0.74-1.03), and for stroke the pooled estimate is 0.83 (0.77-0.90). A pooled estimate of the odds for a vascular event in the 10 prospective studies, either heart disease or stroke, is 0.84 (0.78-0.90). Total energy intake is an important confounding factor in this context and so a separate pooling was done with the three studies in which adjustment had been made for this (Vijver et al, 1992; Bostic et al, 1999; Elwood et al, 2003) . This gave an almost identical estimate, namely 0.85 (0.70-1.03).
Discussion
The most reasonable conclusion from the 10 prospectives is that milk consumption is not associated with any increased risk of heart disease or stroke. The results of only one study (Mann et al, 1997) disagree with this conclusion, but the numbers of vascular events in that study are very small and they constitute an unusually small proportion of total deaths.
It could be that differences between high and low milk consumers, in life-style and other factors relevant to vascular disease, and for which no adjustments have been made, could invalidate any conclusions drawn from the studies, either alone or in an overview. Certainly, there are differences between the subgroups of subjects defined in the various studies, but these are small and adjustments are made for possible confounding in different combinations. While residual confounding is therefore possible, it does seem unlikely that a harmful effect of milk on vascular disease could have been missed in all these studies simply because of some important, but as yet unknown, confounding factor(s).
In fact, an examination of the consistency shown by the various studies, together with our estimates of the pooled risk across all the studies (0.84 (0.78-0.90) for ischaemic heart disease and/or ischaemic stroke), would seem to suggest that milk drinking may be associated with a small reduction in vascular disease risk. Furthermore, it could be argued that a degree of confidence is given to this conclusion by the relative consistency in the estimates of risk in the various studies, despite differences in population samples, in design, in definitions and in other aspects.
An issue that cannot be answered on present evidence is whether or not similar results would have been shown had the milk drunk throughout the studies been fatreduced. In one of the studies (Abbott et al, 1996) , it is stated that the milk was 'largely' whole milk, and in another (Elwood et al, 2003) information obtained retrospectively make it seem likely that most of the subjects had consumed whole milk for most of the period of follow-up. One of the case-control studies (Tavani et al, 2002) is helpful on this, in that a comparison of the past diets of the patients gives an odds ratio for infarction in 59 patients who had had a high intake of full-fat milk, relative to 330 who had taken no milk as 0.89 (0.57-1.38) while 145 patients who had had a high intake of semiskimmed milk was virtually identical at 0.83 (0.59-1.16). All the cohort studies in the present review had, however, been set up at times when reduced-fat milks were unavailable, or scarce. Towards the end of the observation period in most of the studies, skimmed or semiskimmed milk may well have been used by an increasing proportion of the surviving subjects, but evidence on this is inadequate to enable a comparison of early and late disease events within the studies. Only two studies give evidence on the type of milk consumed (Abbott et al, 1996; Elwood et al, 2003) , but it would seem reasonable to assume that the risk estimates obtained relate largely to the consumption of whole milk.
Milk makes a contribution to total dietary fat consumption, and to the intake of saturated fat of most subjects, but in most subjects and in most communities, this contribution is likely to be relatively small. A study of foodstuffs purchased by 224 women in UK of different ethnic origin, led to the judgement that full-fat milk contributed around 5% of the fat in their total food purchases (Lip et al, 1995) .
Conclusion
In total 10 cohort studies that examine the association between milk consumption and vascular disease risk have been identified in the literature. Except for one, with a small number of outcome events, none gives convincing evidence of any increased risk of ischaemic heart disease or ischaemic stroke in subjects who have the highest milk consumption. While chance or residual confounding cannot be ruled out with certainty, the pooled estimate of the risk of an incident vascular disease event in such subjects, relative to subjects with a low milk intake, is around 0.87 (0.74-1.03) for ischaemic heart disease, 0.70 (0.55-0.88) for ischaemic stroke and 0.84 (0.78-0.90) for either event.
